A comparison of the rates of synthesis of the tryptophan biosynthetic enzymes of Salmonella typhimurium under derepression showed that the genes of the trp operon can be expressed in a coordinate fashion in auxotrophs carrying nonpolar mutations. This coordination disappeared in trpA polar mutants. The loss of coordination affected only trpB, the second gene in the operon, which was always more drastically affected than the three distal genes. Polar mutations in trpA, the first gene of the trp operon, reduced the rates of synthesis of the tryptophan biosynthetic enzymes under conditions of derepression. When these rates were measured and correlated with the map position of each polar mutation, a polarity gradient of decreasing intensity (moving distally from the operator end of the gene) was obtained. Certain mutations ("unusual mutations") mapping at the operator distal end of trpA, and considered by other workers to correspond to the operator proximal end of trpB, were found to be polar. The bearing of our observations on the question of coordinate versus semicoordinate expression of the trp genes and the status of the "unusual mutations" is discussed.
The expression of the five genes consitituting the tryptophan (trp) operon in Escherichia coli and Salmonella typhimurium has been shown to be under the unitary control of tryptophan, the end product of the corresponding biosynthetic pathway (5, 12) . However, the expression of the five trp genes in E. coli was found to be coordinate under a variety of conditions (12) , whereas it was apparently semicoordinate in S. typhimurium, the first two genes (trpA and trpB) constituting one subunit of coordinate expression and the last three (trpE, trpD, and trpC) a second coordinate subunit (5, 6, 13) . According to Bauerle and Margolin (5, 6) , this semicoordination is brought about by two independent initiators of gene expression (or "promoter-like" elements), P1 and P2, located respectively at the operator end of the first gene (trpA) and between the second and third genes (trpB and trpE). In the accompanying paper (3), we reported observations which were consistent with this idea.
Bauerle and Margolin (5, 6) did not consider semicoordination as indicative of different rates 1Public Health Service predoctoral fellow. The major portion of this report is taken from Mr. Blume's dissertation in partial fulfillment of the requirements for the Ph.D. degree. 2 Parts of this report are abstracted from a Master's Thesis by Miss Weber.
of derepression for the genes in each coordinate subunit. They observed that the genes of the two subunits differed in basal levels of expression in fully repressed cells, and they interpreted this observation to mean that, whereas the genes in the first subunit could be read only by ribosomes entering the messenger ribonucleic acid (mRNA) at P1, those in the second subunit could be read in addition by ribosomes being mobilized at P2. Under derepression, however, initiation would occur almost exclusively at P1 and the rates of expression of all five genes would be equal. An independent expression of the initiator function of P2 would be detected under derepression when the normal polarized expression of the operon cannot proceed, such as in strains carrying polar mutations in trpA. According to this model, a comparison of the rates of increase of the five trp gene products in derepressing nonpolar auxotrophs would show coordinate expression for all five genes, with coordination disappearing in auxotrophs with polar mutations in trpA. This report presents the results of a study of the rates at which the trp genes are expressed in derepressing polar and nonpolar trp auxotrophs. These results fully support this model.
The work reported here was partly undertaken to answer some questions raised in the preceding paper (3). First, we observed that some strains 2230 on November 13, 2017 by guest http://jb.asm.org/ Downloaded from carrying trpA polar mutations utilized anthranilic acid very poorly as a growth factor, but we could not establish a clear correlation between this property and the decreased levels of the tryptophan biosynthetic enzymes that these strains contained when fully derepressed. Second, we found that among those strains growing poorly on anthranilic acid there were a few which carried "unusual mutations." These mutations were assigned by Bauerle and Margolin (4) to the operator proximal end of trpB, the second gene of the operon. According to our observations, they resembled polar mutations at the operator proximal end of trpA, although they mapped toward the operator distal end of this gene. These "unusual" mutations showed polar effects on the expression of the distal genes under repressed as well as derepressed conditions (3). Because of some limitations in the derepression procedure employed in the earlier paper, we were unable to establish a polarity gradient for the trpA gene and thus determine whether the polar effect of the unusual mutations fitted within this gradient. The limitations of the derepression procedure were also in part responsible for our inability to detect a correlation between rate of growth on anthranilic acid supplement and a limiting supply of one or more of the tryptophan biosynthetic enzymes in polar mutant strains. By measuring derepression rates, we have been able to establish a polarity gradient for trpA and also to detect a correlation between the utilization of anthranilic acid as a growth factor and a limiting supply of phosphoribosyl transferase (PRTase), the trpB gene product.
When polarity was determined in polar trpA mutants grown under conditions of repression, different relative enzyme levels were obtained than when the same mutants were grown under conditions of derepression. In fact, no differences in the intensities of the polar effects of the various mutations could be detected under repressed conditions, but differences did appear under derepression (3). The kinetic studies to be presented were undertaken also to determine whether this apparent paradoxical situation could result from an effect of polar trpA mutations on the relative rates of derepression or on the coordination of derepression (or both), and to obtain accurate rates of derepression. The results demonstrate that, whereas nonpolar mutations exhibit coordinate derepression, polar trpA mutations derepress noncoordinately with respect to the subsequent genes of the operon, the trpB gene being more severely affected than the other genes. It was also observed that, although the trpE, trpD, and trpC genes derepress coordinately with respect to each other in polar trpA mutants, the rate of derepression is related to the genetic locus of the trpA mutation. Polar mutations near the operator affect the rate of derepression more severely than do mutations located distally from the operator. Thus polar trpA mutations are unique in exhibiting four distinguishable characteristics: (i) they lack trpA activity; (ii) under repressed conditions they lead to reduced (polar) expression of the subsequent genes of the operon in a manner unrelated to their genetic locus; (iii) they lead to a noncoordination of the trpB and the trpE, trpD, and trpC genes upon derepression; and (iv) they affect the rates of derepression of the trpE, trpD, and trpC genes in such a manner that, upon derepression, a gradient of polarity with map position is generated.
MATERIALS AND METHODS Strains. The strains employed in this investigation and some of their properties are listed in Table 1 . These strains have been described elsewhere (8) .
Media. The minimal medium of Vogel and Bonner (20) supplemented with 0.005% acid-hydrolyzed casein (18) and 0.2% glucose was used routinely. This will be referred to as MG medium. For the preparation of repressed cell cultures, L-tryptophan (50 ,g/ ml) was added to the MG medium. We will refer to this medium as SMM. Derepression was carried out in MG medium, or in the same medium without the glucose. This already contains 0.2% citrate and will be referred to as UMM medium.
Derepression procedure. Repressed cells were grown in SMM in 1-liter batches, harvested in late log phase, washed twice with cold 0.9% saline, and suspended in 300-ml portions in growth flasks at a concentration of 109 to 4 X 109 cells/ml in either UMM or MG. The flasks were aerated vigorously on a reciprocal shaker at 37 C for various time intervals up to 400 min. After a given time interval, the contents of one flask were poured over 250 ml of crushed ice in a beaker containing 1 g of NaCl. This mixture was stirred until the temperature reached 4 C (which occurred within less than 30 sec) and then centrifuged; the cells were resuspended in 6.0 ml of 0.1 M tris-(hydroxymethyl)aminomethane buffer (pH 7.8) and stored at -14 C until needed. All centrifugation was done in a Sorvall RC-2 refrigerated centrifuge.
Enzyme assays. Crude enzyme extracts were prepared and the tryptophan biosynthetic enzymes were assayed as described in the preceding paper (3).
RESULTS
Derepression system. Pilot experiments measuring the derepression rates of the enzymes for tryptophan biosynthesis in the nonpolar trp auxotroph trpC3 indicated that the differential synthesis of these enzymes in MG medium would be too rapid for convenient sampling and processing of each sample (Fig. 1) type LT2 was five times longer ( Fig. 2) than in MG medium (with glucose present) and that the rates of increase of the tryptophan enzymes were lower in UMM than in MG for both wild type and trpC3. Figure 1 shows the behavior of tryptophan synthetase component B (TSase B) as rcpresentative of all five trp gene products, al-,Ihough all five were followed in our experiments. Wild-type LT2 reached its final derepressed level, which is considerably below full derepression, within the first 10 min in MG medium, but showed a lag period in UMM. After this lag, however, derepression proceeded to the same nmaximal level in both media but at a much lower rate in UMM than in MG. Clearly, then, with citrate as the sole source of carbon, the polypeptides of the trp operon were synthesized at a lower rate than in the presence of glucose, but their final levels were not affected. Figure 1 also shows that in MG the tryptophan enzymes of wild type decreased slightly after an initial rapid synthesis and then gradually returned to the final level. This behavior was not observed during derepression in UMM. This situation bears some resemblance to the synthesis of ornithine transcarbamylase, one of the enzymes for arginine biosynthesis in E. coli, after its release from repression by arginine (10) and can be similarly explained on the basis of the formation of an endogenous pool of corepressor, in our case tryptophan. In MG, after release from repression, tryptophan is probably produced more rapidly than it can be utilized, and limited repression of the enzymes for tryptophan biosynthesis ensues. However, utilization of this "excess" tryptophan by the growing cells removes this limited repression, and the tryptophan biosynthetic enzymes undergo a slower differential synthesis until they reach a stable level. At this point, tryptophan is presumably being produced and utilized at the same rate, and the level of the internal tryptophan pool remains constant. This interpretation is consistent with the behavior of auxotrophs like trpC3 which cannot synthesize tryptophan and in which the tryptophan biosynthetic enzymes can reach levels about 10 times higher than in the wild type under conditions of derepression ( Fig. 1) . In UMM, tryptophan is probably synthesized at a slower rate than in MG, and the initial overproduction of corepressor does not take place. It is possible that part, or perhaps all, of the lag observed in UMM is due to the fact that the cells have to become citrate-adapted, after growth in glucose, at the same time that they are being derepressed. This may also help to explain the absence of "overshoot" under these conditions.
Like the wild type, auxotrophs such as trpC3 show lower rates of derepression in UMM than in MG, as well as a short initial lag (Fig. 1) . If trpC3 is allowed to derepress in UMM for longer periods than those shown, the tryptophan biosynthetic enzymes reach the same maximal levels as in MG. It appears, then, that UMM provides conditions in which the rates of enzyme synthesis during derepression are easy to measure, as well as being constant and reproducible (see Tables   2 and 3) , without affecting the potential for maximal expression of the trp genes. In the remaining experiments, derepression was allowed to take place exclusively in UMM medium.
In the absence of supplements (tryptophan or other intermediates of the pathway), trp auxotrophs showed only residual growth in MG or UMM. This was probably due to the utilization of supplement accumulated during prior growth under conditions of repression. Since this residual growth was negligible (Fig. 2) , the rates of increase of the tryptophan enzymes with time of derepression can be considered differential rates of synthesis.
Derepression kinetics of nonpolar mutants. The rates of synthesis of the tryptophan enzymes shown by several nonpolar trp mutants allowed to derepress in UMM are given in Table 2 . These rates were calculated as explained in the legend to the table, from the increases in specific activity of the respective enzymes (or enzyme components) with time elapsed since the removal of tryptophan from the culture medium (that is, since the cells were transferred from SMM into UMM medium). The rates of expression of the unmutated genes of the trp operon were approximately the same regardless of which trp gene had mutated. The averages of these rates, shown at the bottom of Table 2 , will be used as the standard maximal rates of enzyme synthesis under our derepression conditions.
In Fig. 3 the specific activity of each enzyme has been plotted against that of TSase B, according to the method of Ames and Garry (2) 
where x = time of sampling in minutes, y = specific activity corresponding to that time sample, and N = number of samples used in the calculations. For each strain, the individual enzyme levels were determined in at least six independent samples (i.e., N > 6). A zero indicates no measurable activity for a given enzyme. Dashes indicate that derepression rates were not calculated.
b TSaseA-CRM is measured in the conversion of indole to tryptophan (25) .
is clear for indoleglycerol phosphate synthetase (InGPSase) and TSase A, since the points follow closely the theoretical straight line. The points for anthranilate synthetase (ASase) and PRTase are somewhat more scattered, possibly as a reflection of the lesser sensitivity of the assay procedures for these two enzymes (3). These results closely resemble those obtained by Ito and Crawford (12) for the tryptophan biosynthetic enzymes of E. coli under somewhat different conditions of derepression.
A coordinate increase of the trp operon gene products can also be shown in a different manner. If the genes of this operon are expressed at similar rates, the increment in the level of activity of one of the tryptophan enzymes within a given time interval should be the same as the increments in the levels of the remaining enzymes. Thus, if we were to plot the increases in the level of one of the enzymes during derepression against those of the remaining ones, the points should follow a theoretical straight line with a slope of 1. As can be seen (Fig. 4A) , the points fall reasonably well about the theoretical line. Although ASase is not included in the plot since basal (repressed) levels of this enzyme were some times difficult to measure, it behaved like all the other enzymes when increases were measured with respect to the lowest assayable level. In contrast to these results, Fig. 4B illustrates the lack of coordination shown by PRTase in a strain with a polar mutation in trpA.
A coordinate increase in enzyme levels can also be shown by plotting these levels against time elapsed after the beginning of derepression. In  Fig. 5 These data are consistent with the conclusion that the genes of the trp operon derepress coordinately and at very similar rates. As we shall see, this coordination disappears in the presence of polar mutations in trpA.
Derepression kinetics of polar trpA mutants. Figure 6 is a partial map of the trpA gene showing the locations of the polar mutations analyzed in this report. The rates of synthesis of the tryptophan biosynthetic enzymes during derepression in UMM were calculated for these mutants by the procedure described in (4, 5) with cells cultured in a chemostat under tryptophan limitation, is in very good agreement with our results. These workers also observed that the "unusual" mutants (i.e., A46 and A120; see Fig. 6 ) showed reduced enzyme levels under their conditions of culture (4) .
The uncoordinate expression of trpB in strains carrying a polar mutation in trpA is further illus- trated in Fig. 4B and 5 . In Fig. 4B , the increases in PRTase (the trpB product) with respect to the increases in TSase B (the trpD product) are compared in a nonpolar mutant (E268) and in a polar one (A160). In E268, PRTase increases at a rate which is very close to that of TSase B (the points fit the theoretical line with a slope of 1); in A160, PRTase increases at a slower rate than TSase B (the points tend to fall away from the theoretical line and fit a line with a different slope). In Fig. 5 , the increases in PRTase and TSase B with time of derepression are compared in the same two mutants as in Fig. 4B , and in Fig. 5B the comparison is between the nonpolar E268 and the polar A46. The slower rates of increase of both enzymes in the polar mutants, as well as the lack of coordination in the expression of trpB and trpD, are evident. The initial lag period normally found in UMM was longer for the polar than for the nonpolar mutants. In Fig.  SA servation is consistent with the rest of our data. Although TSase B increases relatively faster in A46 (Fig. 5B ) than in A160 (Fig. 5A) , PRTase increases faster in A160 than in A46. The levels of PRTase activity in A46 are very low, and no increase was detected during derepression of this mutant strain.
In the preceding paper (3), we reported that we could not establish a correlation between the slow growth rates on anthranilic acid supplement shown by some of our polar mutant strains and the levels of the tryptophan biosynthetic enzymes shown by these strains. We also indicated that this apparent lack of correlation stemmed from some inadequacies in the derepression procedure employed at that time. By measuring derepression rates, however, a correlation between the rates of PRTase synthesis and growth on anthranilic acid supplement can be discerned (Table 3 ). The normal doubling time for S. typhimurium under our conditions is between 45 and 55 min. Mutants A49, A82, A56, A46, and A120 seem to make PRTase too slowly to attain the minimal level necessary for optimal growth on anthranilic acid supplement, whereas A278 and AIll can synthesize this enzyme at a rate sufficient to attain this level. The correlation between growth rate and rate of PRTase synthesis indicates that the inhibition of InGPSase activity by anthranilic acid is probably not the major cause for the slow growth of these strains on anthranilic acid supplement (19) . All mutants showing decreased growth rates in the presence of anthranilic acid make PRTase so slowly that a rate of synthesis could not be measured in UMM, while they make InGPSase at significant rates (Table 3) .
In Table 3 , the polar mutants are listed in decreasing order of intensity of their polar effects. A comparison of this arrangement with their order on a genetic map (Fig. 6) shows that only the polar effect of mutation A56 does not correspond to its map position if, as expected, the most strongly polar mutations will map at the operator proximal end of trpA and the degree of polarity will decrease the closer a mutation is located to the operator distal end of the gene (5, 14, 15, 16, 24) . It has been proposed (22) that the polar effect of a frameshift mutation is caused by a nonsense triplet, distal to the actual site of the mutational event (base addition or deletion), which changes the reading frame. If this is so, it is possible that frameshift mutations will not fit exactly the polarity gradient as defined by nonsense mutations. The mutation A56 has been characterized as a frameshift (3, 4) and could represent such an event. On the other hand, A82 is a frameshift mutation (3, 4) which seems to fit the polarity gradient and could be explained by assuming that the nonsense codon created by the change in the reading frame is close to the site of the mutational event. We should mention that Bauerle (private communication) has data suggesting that the positions ofA82 and A278 are the reverse of those shown in Fig. 6 . This might indicate a slight discrepancy in the polarity gradient as we have determined it.
The polarity effects of the "unusual" mutations A46, A28, and A120 on the expression of the last three genes of the trp operon fit well the gradient of polarity of trpA as determined by our methods. However, the effect of these mutations on PRTase are far more drastic than those shown by mutations like A160, which are located earlier in the gradient (Table 3 , Fig. 5 and 6 ).
Derepression kinetics of secondary mutants with deletions in trpA. The isolation of strains S0-82, SO-114, and S0-115 and their general characteristics have been described (3). These strains were obtained as revertants of A49 and A46 and selected for their improved ability to utilize anthranilic acid as a growth factor. The genetic constitutions of SO-114 and S0-115 are shown in Fig. 6 . SO-82 is not shown but it has a short deletion, A513, covering only the site of A49 as the map is drawn (3).
The relative rates of derepression of these strains as well as the mutants from which they were derived are given in Table 4 . S0-82 shows practically normal rates of synthesis of the trp proteins, indicating that the polar effect of A49 has disappeared. Note that the correction of polarity in this strain not only restores the normal rates of expression of the three distal genes, but the expression of trpB is now coordinate with them. These observations are consistent with our interpretation of A513 as a small "in phase" deletion which has excised the A49 site (3). In contrast, SO-1 14 shows a different picture. In this strain, the last three genes derepress at practically normal rates but trpB derepresses at a rate which is still below normal. In other words, the expression of trpB is still uncoordinate with respect to the last three genes. We know that in S0-114 the polar effect of the amber mutation A49 has been only attenuated and not completely eliminated, since A49 is still present and since the levels of the tryptophan biosynthetic enzymes shown by this strain under repression conditions are those typical of trpA polar mutants (3). The behavior of S0-82 and SO-1 14 further strengthens the conclusion that the presence of a polar mutation in trpA will lead to the uncoordinate expression of a Expressed as in Table 3. trpB, but expression is coordinate in the absence of such a polar mutation. Our observations on SO-115 ( Fig. 6 and Table  4 ) are more difficult to understand at this time. In this strain, the deletion A514, which corrects the polar effect of A46, seems to be located between the polar mutation and the operator end of the gene. Also, although the polar effect seems to be completely corrected in this strain as evidenced by the normal enzyme levels observed under repression (3), trpB still remains apparently out of coordination with the last three genes. As we indicated in the preceding paper (3), it is not entirely clear at present whether the genetic characterization of SO-115 is correct, and further discussion of this apparently exceptional case will be deferred until this problem is settled. Whitfield et al. (22) that frameshifts are polar because they generate nonsense codons at sites distal to the position of the mutation.
Our observation that expression of the trp genes is normally coordinate but becomes uncoordinate in the presence of a polar trpA mutation is in excellent agreement with the results of Bauerle and Margolin (4) (5) (6) 13) . These workers proposed that the trp operon of S. typhimurium contains two initiators of gene expression (or "promoterlike elements"), P1 and P2, the first located at the beginning of trpA and the second at the trpBtrpE intercistronic boundary. Under normal conditions, the expression of the trp operon is initiated at P1, and all genes would be expressed at comparable rates, that is, in a coordinate fashion. In the presence of an obstacle to the normal polarized expression of the operon, such as a polar mutation in trpA, P2 would be capable of initiating expression of the last three genes of the operon trpE, trpD, and trpC. Thus, these genes should always show coordination of expression among themselves, but a polar mutation in the first gene will result in a lack of coordination between them and trpB, with the latter being always more drastically affected. Our results are in perfect agreement with this model.
The apparent lag in the time of expression of the trpB gene with respect to trpD (Fig. 5A) can also be explained in accordance with this model. Normally, one would expect that the enzymes would derepress in a temporal sequence that corresponds to the positional sequence of the genes on a genetic map (1, 9). In the case of the polar mutation A160 (Fig. 5A) , this temporal sequence does not seem to be followed, since trpD, the fourth gene in the operon, begins to be expressed earlier than trpB, the second gene. Assuming that the indicated differences in the time of expression of these genes are real, which is not certain, we could interpret the earlier expression of trpD as the result of ribosomes initiating translation at P2 and reaching trpD before the ribosomes which have entered the mRNA at P1 can reach trpB after encountering a nonsense codon at the A160 site. It is known that the trp operon in E. coli is transcribed as a unit into a polycistronic mnRNA (11) . Polarity effects have been shown to be caused by nonsense codons (4, 14, 16, 24) which interrupt the translation of the mRNA message into protein. It (12, 19, 24) have not produced evidence for the existence of an "initiator" with the properties of P2, but this possibility has not been exhaustively explored.
As mentioned in the preceding paper (3), the "unusual" mutations A46, A120, and A28 present a problem in interpretation at this time. Bauerle and Margolin (4) consider that mutants of this class correspond to the operator proximal end of trpB rather than the operator distal end of trpA. They base their conclusion on the fact that the "unusual" mutants possess PRTase, as well as free ASase (uncomplexed with PRTase) which shows an elution pattern in column chromatography indistinguishable from the unaltered (wild type) form of this enzymatic component. We have shown here and in the preceding paper (3) that these mutations have a polar effect on the last three genes of the operon and that the intensities of their polar effects on these genes seem to fit at the end of the polarity gradient of trpA, but our data do not exclude the possibility that they correspond to the beginning of the polarity gradient of trpB. One of the mutants we analyzed, A28, carries an amber mutation (3) and has no detectable activity for either ASase (assayed with excess PRTase) or PRTase. Like polar mutations mapping near the operator proximal end of trpA (such as A49), the three "unusual" mutants we studied grow slowly (or not at all) with anthranilic acid as supplement, and this slow growth correlates well with low levels of PRTase activity. Also, like the operator proximal mutants, correction of polarity in the "unusual" mutants can result from deletions which excise segments of the trpA gene. On the basis of these observations, the status of the "unusual" mutations appears ambiguous.
If we accept that mutations like A46 and A120 are missense mutations at the beginning of trpB, we can explain their low levels of PRTase activity as resulting from an altered form of the enzyme, as Bauerle and Margolin (4) have done. To explain their polar effect, however, we will have to assume that some missense mutations can be polar. As we have pointed out (3), this is an unattractive assumption, since all available evidence is consistent in showing that only nonsense or frameshift mutations have polar effects. If, on the other hand, we consider that they are nonsense mutations at the beginning of trpB, this can explain their polarity, and their low levels of ASase could be ascribed to the antipolar effect shown by polar mutations in the trp operon (25) . To explain the presence of PRTase, however, we will have to assume some type of reinitiation event not far from the site of the mutation, leading to the production of a partially active PRTase-CRM (cross-reacting material). Some recent findings lend plausibility to this assumption. For instance, initiators can be created within a gene by single base substitutions in the presence of nonsense mutations or deletions (13, 17) . It is conceivable that, if a nonsense mutation occurred at the beginning of a gene and was followed within a short distance by an in-phase codon (adenosineuridine-guanosine) capable of reinitiating translation, a partially active enzyme could be synthesized. Such a possibility, for instance, could also be entertained to explain why extreme polar mutations in the z gene of the lac operon (00) show low basal levels of 0-galactosidase activity (7) . The correction of the polar effect by deletions extending into trpA could be explained if we assume that these extend into trpB as well, but this would require the additional assumption that a portion of the amino terminal end of PRTase is not essential for the activity of this enzyme. This explanation can be experimentally tested in strains like SO-115, since such a deletion would eliminate the trpA-trpB intercistronic boundary and lead to an altered PRTase with the amino terminal end of ASase. This could also be the reason why strain SO-115, which shows no polar effect on the last three genes, has such low levels of PRTase activity. This PRTase should be larger than the normal dissociated form of this enzyme component, and this could be demonstrated by centrifugation in a sucrose gradient. These experiments are in progress. The properties of the mutation A28 cannot be easily explained on the basis that "unusual" mutations correspond to the initial portion of trpB. A28 has no detectable PRTase or ASase. To explain the lack of ASase activity in this strain, one would have to assume an extremely drastic antipolar effect, much more stringent than anything reported thus far. Since
